Background--Older patients with aneurysmal subarachnoid hemorrhage (aSAH) are unique, and determinants of post-acute care outcomes are not well elucidated. The primary objective was to identify hospital characteristics associated with 30-day readmission and mortality rates after hospital discharge among older patients with aSAH.
A n estimated 15% to 20% of patients with aneurysmal subarachnoid hemorrhage (aSAH) are >70 years, but they incur relatively high healthcare expenditures. 1, 2 Compared with younger populations, older patients also have higher rates of mortality and long-term disability after aSAH. 3, 4 Among all patients with aSAH, there is a 27% to 44% rate of early mortality, and survivors are frequently left with significant cognitive and physical disabilities. 5 Thirty-day readmission rates, a key quality measure by Centers for Medicare and Medicaid Services, 6 are an additional potential adverse outcome for older patients after aSAH, because they are both burdensome and delay rehabilitation. There is only limited understanding of the hospital-level determinants of 30-day readmission and mortality after aSAH among older patients. Prior analyses are limited by focusing on patient-level characteristics [7] [8] [9] and in-patient mortality. [10] [11] [12] A single-center study found most readmissions after aSAH were related to infections or symptomatic hydrocephalus. 7 A population-based study found no difference in mortality or readmission rates between clipping and endovascular coiling among older patients with aSAH. 13 Prior work demonstrates an association between higher-volume centers and lower inhospital mortality rates, [10] [11] [12] but little is known about the characteristics of hospitals associated with the key postacute care outcomes of 30-day readmission and postdischarge mortality among those surviving the acute hospitalization period.
To fill this knowledge gap, we examined hospital-level characteristics associated with 30-day readmission and mortality among older patients after aSAH. Because a volume-outcome relationship exists for mortality during the index admission, 10, 11 we hypothesized that after discharge, hospitals treating fewer patients with aSAH would have higher 30-day readmission and mortality rates.
Methods
This study was approved by the Brown University Institutional Review Board. For this type of study, formal consent is not required.
Population
To capture the broadest representation of hospitals treating older patients with aSAH, Medicare fee-for-service files, capturing all US hospitals treating Medicare patients ≥65 years, were used. Patients were included in the analytical sample if the incident aSAH occurred from January 1, 2008, to November 30, 2010 . Patients with aSAH were defined by the presence of the following: (1) International Classification of Diseases, Ninth Revision (ICD-9), diagnosis codes for subarachnoid hemorrhage (codes 430, 431, and 432.9) and (2) ICD procedure code for aneurysm repair through microsurgical clipping (code 39.51) or endovascular approach (code 39.7x) within the 100% inpatient Standard Analytical File. ICD-9, codes for major operative procedures from hospital claims greatly enhance the sensitivity and specificity of case identification. 14 Patients diagnosed as having arteriovenous malformation or other cerebrovascular malformation (code 747.81), syphilitic aneurysm (code 094.87), cerebral arteritis (code 437.4), and Moyamoya disease (code 437.5), and those who had undergone treatment of a cerebrovascular malformation either through a surgical approach (code 39.53) or via stereotactic radiosurgery (code 923.x), were excluded. To allow for comparison between aneurysm treatment approaches, patients with both microsurgical clipping (code 39.51) and endovascular coiling (code 39.7x) during the same index hospitalization were excluded (n=113). Only incident aSAH cases were considered in the analysis by including only the first aneurysm clipping or coiling for patients with multiple interventions, and excluding patients with any claims for aneurysmal aSAH 1 year before the cohort inception date. Finally, patients with length of index hospitalization lasting <48 hours were considered as possible early transfers to higher-level care facilities and were, therefore, excluded (n=176).
Patient-Level Characteristics
Patient characteristics believed to be potentially associated with readmission or mortality after aSAH were selected a priori from the available Medicare claims based on the literature [7] [8] [9] 13 and our clinical experience. Demographic characteristics were derived from Medicare Enrollment files, including age, sex, race, and zip code of primary residence. Age was grouped in ranges of 5 years (65-69, 70-74, 75-79, 80-84, 85-89, and ≥90 years). Race was categorized as white (referent), black, or other. Patient's zip codes, if primary residence, were linked to US Census Data to determine median income. 15, 16 The median income for the entire cohort ($50 160) was used to create a dichotomous variable indicating primary residence in a zip code lower than the cohort median. Patients with an acute hospital admission for any cause within 1 year before index aSAH admission were identified using Medicare Part A claims. The severity of the aSAH was quantified using the Nationwide Inpatient Sample Subarachnoid Hemorrhage Severity Score (NIS-SSS), 18 a validated ICD-9-based measure
Clinical Perspective
What Is New?
• Older patients with subarachnoid hemorrhage are less common, but at greater risk for poor outcomes.
• After controlling for individual patient characteristics, patients treated in hospitals with low annual volumes of older patients with subarachnoid hemorrhage were associated with greater odds of death and readmission.
What Are the Clinical Implications?
• The volume-outcome relationship extends to the post-acute care period, and the unique needs of older patients with subarachnoid hemorrhage should be matched by referral patterns and regulatory incentives favoring only highervolume centers.
ranging from 0 to 15, with higher scores indicating greater severity. The NIS-SSS is highly correlated with the widely known Hunt Hess clinical grading scale. 19 Hunt Hess grades ≥4 are considered "poor grade." A dichotomous variable was created using a cut point of NIS-SSS >7 because of its correlation with a Hunt Hess grade ≥4.
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Hospital-Level Characteristics
Hospital facility characteristics were obtained from the American Hospital Association Annual Survey Database for fiscal year 2010. 20 The database contains nationwide information relating to hospital fiscal and corporate structure, certifications, licensure, and staffing levels. All acute-care hospitals caring for patients with aSAH >65 years in the United States were included. Variables were chosen a priori on the basis of publications delineating facility determinants of readmission and mortality in related conditions, as well as expert opinion. 11, 13 There was a 100% match rate among patients with aSAH in the analytical sample with the corresponding Medicare facility identification number in the American Hospital Association database (N=431 hospitals). Hospital characteristics examined were as follows: ownership (categorized as nonprofit private, government, nonprofit church, or for profit), medical school affiliation, annualized aSAH patient volume (the total number of patients with aSAH cared for during the study period/3) divided into quintiles 
Outcome Measures
The proportion of patients with aSAH experiencing the following 2 outcomes within 30 days of discharge from the index hospitalization were determined: (1) hospital readmission and (2) mortality. Dates of death and readmissions were determined from the Medicare denominator and Part A files, respectively. Patients who died within 30 days after discharge and before a readmission event (n=409) were excluded from analyses examining readmission as an outcome. Readmission events were counted whether they occurred at the same or different hospital as the index aSAH admission.
Statistical Analysis
Analyses to identify factors associated with each of the 2 aforementioned outcomes were conducted separately and at the patient level for each outcome. Candidate independent variables associated with these outcomes included patient and index hospital characteristics. As detailed above, patient variables included age group, sex, race, income, hospitalization in the preceding year, admission source, Elixhauser score, tracheostomy, gastrostomy, open clipping or endovascular coiling, and NIS-SSS grade. Hospital variables included ownership, medical school affiliation, annualized hospital aSAH volume, licensed bed capacity, intensive care unit bed capacity, level 1 trauma designation, availability of inpatient hospice, and no palliative care program.
Bivariate analyses using logistic regression measured the association of individual independent variables with whether patients experienced each of the outcomes. Independent variables associated with the outcomes at P<0.10 in these unadjusted analyses were included in multivariable logistic regression models. The generalized estimating equation adjusted for the clustering of individual patients within hospitals. 21 Odds ratios with 95% confidence intervals were generated from these analyses. All analyses were performed using the Stata software package.
Results
Patient and Hospital Characteristics
We identified 5515 patients >65 years with aSAH who underwent endovascular coiling or open surgical clipping. The cohort's median age was 72 years (21% were >80 years), 25% were men, and 81% were white (Table 1) . Most patients had a prolonged initial hospital length of stay (median, 17 days; interquartile range, 11-24 days). Only 11.7% of patients had an NIS-SSS ≥7. Hydrocephalus was treated by extraventricular drainage among 37% of patients, and ventriculoperitoneal shunt was required among 17% of patients. Most patients (68%) underwent endovascular coiling for aneurysm repair. A total of 431 hospitals treated the cohort, of which 56% were nonprofit, 92% were affiliated with a medical school, and 87% had accredited residency programs (87%); there was a median of 700 (interquartile range, 519-926) licensed beds. The hospital median case volume for aSAH patients ≥65 years was 7 (interquartile range, 5-11).
Thirty-Day Readmission
A total of 409 patients with aSAH died within 30 days of discharge and before a readmission and, thus, were excluded from the analyses examining factors associated with readmission. Among the remaining 5106 patients, 893 (17%) had 30-day acute hospital readmissions. In bivariate analyses, the following patient characteristics were associated with a greater likelihood of 30-day readmission at P<0.10: male In the multivariable model, patient factors that remained independently associated with 30-day readmission included the following: male sex, higher Elixhauser score, endovascular coiling, tracheostomy, gastrostomy, and NIS-SSS ≥7. After adjusting for these patient characteristics, hospital-level factors significantly associated with 30-day readmission were ownership and annualized hospital aSAH volume (Table 2) . Relative to hospitals owned by church-affiliated nonprofit entities, patients in private nonprofit organizations had greater odds of readmission (adjusted odds ratio, 1.54; 95% confidence interval, 1.16-2.05). Patients treated in hospitals with the lowest quintile (versus highest quintile) aSAH case volume were more likely to be readmitted within 30 days (adjusted odds ratio, 2.10; 95% confidence interval, 1.56-2.84).
Thirty-Day Mortality
Among 5515 patients with aSAH, 470 (8.5%) died within 30 days of discharge from the index hospitalization. Bivariate analyses identified the following patient characteristics associated with a greater likelihood of 30-day mortality at P<0.10: older age, male sex, nonwhite race, hospitalization during the year before aSAH admission, tracheostomy, gastrostomy, and NIS-SSS ≥7 (Table 3) . Endovascular coiling was associated with a lower likelihood of dying with 30 days. Hospital characteristics associated with higher likelihood of 30-day mortality in unadjusted analyses included medical school affiliation, lower aSAH case volume, fewer number of beds, and no palliative care program. In the multivariable model, patient factors that remained independently associated with 30-day postdischarge mortality included older age, male sex, nonwhite race, tracheostomy, endovascular coiling, and NIS-SSS ≥7 (Table 4) . After adjusting for these patient characteristics, the only hospitallevel factor that remained significantly associated with greater odds of 30-day postdischarge mortality was annualized hospital aSAH volume (Table 4) ; patients receiving care in low-volume aSAH hospitals were significantly more likely to die (lowest versus highest quintile: adjusted odds ratio, 1.52; 95% confidence interval, 1.05-2.19).
Discussion
This nationwide analysis of Medicare fee-for-service beneficiaries >65 years revealed that hospitals treating low volumes of patients with aSAH placed them at higher risk of 30-day readmission and mortality after discharge. Measurement of outcomes at different time points across the continuum of care is fundamental to understanding quality. This report fills a gap in previous studies focusing on inpatient outcomes, with the finding that that hospital volume may also be a modifiable determinant of outcomes extending to the post-acute care setting.
Once a patient with aSAH is discharged from the hospital, there is a notable 8.5% rate of mortality within 30 days. This novel finding highlights the disproportionate burden of negative outcomes among a growing population of older patients with aSAH. [3] [4] [5] In comparison to previous reports of younger aSAH populations, 7, 8 this study found a higher (17%) rate of 30-day readmission among older patients with aSAH, which is identical to the only comparable nationwide analysis to date. 13 In contrast, our study showed aneurysm ablation via endovascular coiling to be associated with lower rates of readmission and death. The finding may be explained by differing analytical approaches and larger cohort size in our study. Older patients with aSAH are increasingly being treated with endovascular embolization. 22 Our findings add evidence to support the practice of endovascular techniques among older patients often with multiple comorbidities. This study corroborates earlier work revealing a volumeoutcome relationship for in-patient mortality during the initial hospitalization in patients with aSAH, and extends that observation to early postdischarge mortality and readmission rates. 11, [23] [24] [25] Current aSAH guidelines cite this earlier work to advocate for transfer of patients with aSAH to higher-volume centers. [10] [11] [12] With this in mind, our findings are particularly relevant given the following trends during the past 20 years:
(1) the aging of the aSAH population with identification of frailty as a geriatric syndrome requiring specialized care, (2) proliferation of endovascular aneurysm treatment, and (3) the advent of comprehensive stroke centers and neurointensive care units. 12, 13 Hospitals in the second volume quintile (3-5 cases/year) did not statistically differ from those in successively higher-volume quintiles. The finding may be the 26 Individual surgeon and hospital volume-outcome relationships have led to greater regionalization among higher-volume centers for other surgical conditions. [26] [27] [28] [29] This study suggests that hospital certification and referral policies for aSAH need to be further honed, and older patients with aSAH may require specific consideration. In contrast to our findings of higher rates of readmission and mortality among low-volume centers, high-volume teaching hospitals are more likely to incur Centers for Medicare and Medicaid Services reimbursement penalties for readmissions. 30 Efforts to reliably identify patients with neurologic injuries at risk for readmission have proved challenging. 31 Targeted multidisciplinary team-based interventions to reduce preventable readmissions have proved beneficial for other conditions. 32 Potentially important determinants for preventing readmission found in larger, highvolume hospitals include dedicated neurointensive care units, neuroscience-specialized nursing care, social work, case management, and rehabilitation services that may be important determinants of readmission for aSAH. 12 The following limitations to our study should also be considered. First, there is the potential for unmeasured confounding, particularly by underestimating comorbidity of patients admitted to high-volume hospitals. However, that possibility would act to strengthen the association reported herein. 33 Second, although we excluded patients with aSAH with an index hospitalization of <48 hours, transfers to another hospital beyond 48 hours may have been misclassified as a readmission. However, given that the cohort's median length of stay was 17 days (interquartile range, 11-24 days), this scenario is likely to be a rare event. Third, regional factors (eg, quality of post-acute care) that influence 30-day readmission and mortality rates were not considered in these analyses. Finally, our findings may not be generalizable to patients with aSAH <65 years.
Conclusions
Treating the system as a means to improve the care of patients is a topic of ongoing debate in the United States. 34 This study extends inpatient volume-outcome relationships in aSAH to outcomes measured in the post-acute care setting, where hospitals treating low volumes of older patients with aSAH have higher rates of readmission and postdischarge mortality at 30 days. Hospitals with higher volumes of older patients with aSAH may have the resources and expertise necessary to prevent poor outcomes after hospital discharge. These findings should inform state-level referral policies and Centers for Medicare and Medicaid Services standards required for the care of older patients with aSAH. 
